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Abstract
This paper delves into the dynamic price transmissions of the dually listed BRICS shares traded in the US market based on a
value-weighted portfolio using efficient estimation of vector error correction model containing exogenous I(1) variables or VECX*.
Our results provide convincing evidence that in the short run the domestic and global destabilising factors cause varying levels of
vulnerability in the BRICS stock and ADR portfolio price movements. But in the long run the BRICS stock markets tend to become
a homogenous asset class and spearheaded by USBRICS developments and consequently offer trivial benefits from portfolio
diversification to international investors as these markets are internationally unified over years.
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1. Introduction
The economies of the BRICS countries (Brazil, Russia, India, China and South Africa) have matured hastily and
are becoming imperceptibly integrated with the most developed economies related to trade and investment. The
BRICS together constitutes for more than a quarter of the world's land area, more than 40% of the world's population
and about 15% of global GDP. According to a global economic report of the Goldman Sachs (2003) predicted that over
the next 50 years the BRICS economies could become a much larger force in the world economy. The rampant growth
of the BRICS countries also has substantial effects for the capitalization of their stock markets moreover for their
financial dependence with other stock markets.
The inquisitiveness of investors for investments in BRICS countries financial markets has augmented substantially
for the benefits of international diversification since they determine comparatively low correlations between devel-
oped and emerging markets. Consequently, diversification benefits are greater when the correlation amidst the markets
is low.* Corresponding author. Tel.: þ91 9842555008.
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transition towards industrialized countries is virtually inevitable. Recently, there is a high concentration of cross-listed
firms in the leading financial centers of the BRICS countries. Cross-listing on a foreign market curtails the cost of
capital through an enhancement of the firm's information environment. The optimal method of cross-listing is to use
American Depository Receipts (ADRs). Foreign companies trade their shares in the US capital market as ADRs.
ADRs are priced in US dollar and it will be analogous to the underlying share in its home market after incorporating
the exchange rate factor. The price differential between the ADRs and their underlying shares could be attributed to
foreign exchange risk and limits to arbitrage such as transaction costs, different market locations and different trading
hours. ADR programs may be sponsored or unsponsored. Unsponsored ADRs are not registered with the SEC. Most of
the ADRs that are currently listed are sponsored programs, issued at the request of the firm whose securities underlie
the ADR. There are four grades of sponsored ADRs. Level I ADRs are traded in the OTC market usually by insti-
tutional investors. Level II ADRs has to go through complete disclosure requirements as specified by SEC and cannot
be used to raise new capital. If new capital is raised during the process of issuing sponsored ADRs, then the ADRs are
categorized as Level III. Level IVADRs are privately listed, and are usually issued under rule 144A of the US Se-
curities and Exchange Commission.
The purpose of the study is to identify in a broader framework the propagation mechanism of prices among the
BRICS Stock Portfolio and BRICS ADR portfolio with respect to the BRICS -US Indices and explicate how sus-
ceptible emerging financial markets are to both emerging and global shocks. Previous studies examined only the
effects of pricing factors namely, the underlying shares and the foreign markets, on the overseas listed shares such as
ADRs based on a value-weighted portfolio in the developed markets. This paper aims to examine the dynamics of
price transmission of the dually listed BRICS shares traded in the US market based on a value-weighted portfolio
using cointegration test, and evaluation of vector error correction model comprising exogenous I(1) variables or
VECX* since there is a likelihood of weak exogeneity among the BRICS stock indices. Pesaran1 suggested that tests
that permit for the existence of exogenous I(1) variables and/or restrictions on the short-run coefficients are likely to
perform better in small samples.
The novel contribution of the study is that we have used the BRICS stocks and its ADRs value weighted portfolio as
the endogenous variables and the BRICS-US Indices as the exogenous variables. The Johansen Cointegration is
applied to test for probable long-run cointegrating relationship between pricing factors, namely, the portfolio of
BRICS ADRs and its underlying shares. We also developed vector error correction model with exogenous variables
(VECX*) to estimate the short-run dynamics of the pricing factors for BRICS countries. The inclusion of exogenous
variables facilitates to analyze the impact of a global shock on the transmission of prices between the BRICS stocks
and its ADRs. Our empirical results alleviates both investors and academicians to know whether stock markets are
entwined and also assists policy makers to ascertain that if stock markets are found to be closely linked, then there is a
danger that shocks evolving from one market may spill over to other markets.
This paper is organized as follows. The related literature is discussed in Section 2. Our data and the econometric
model are described in Section 3. The results are presented in Section 4. The concluding remarks are given in Section
5.
2. Literature review
The study of interdependence across international equity markets has become a prominent area of research in
finance. Further the Cross Listing of Emerging markets have become a hot research topic on which the literature is
growing steadily. Hence the review is fortified in two perspectives. viz., studies related to US- BRICS markets and on
Cross listing of markets.
The dependence structure between the BRICS stock markets and global economic and financial factors was
examined2 using the quantile regression approach. Their results show that dependence structure is asymmetric and
affected by the inception of the recent global financial crisis and also found that economic policy uncertainty has no
impact on the BRICS stock markets in both lower and upper quantiles.
The co-movement between the BRICS and the U.S. markets during the post-crisis period (from early 2009 on-
wards) was analysed.3 The results implied that the dependence was larger in bullish market than in bearish markets
specifying the low probability of simultaneous breakdown of the markets. Similarly, the extreme comovements of
BRIC and the U.S. markets were evaluated4 using multivariate copula approach. Their results indicated that
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markets of the BRIC countries. Moreover, high levels of dependence persisted for all market pairs during bullish
and bearish markets.
Lehkonen and Heimonen5 revealed the time-dependencies and the evolving nature of stock market correlation by
applying wavelet analysis and dynamic condition correlation among the BRIC countries (Brazil, Russia, India and
China), the other developed economies (Canada, Hong Kong and Australia) and the major industrialized economies
(the U.K., Germany and Japan) with respect to the U.S. The results proposed that the level of stock market
comovement depends on regional aspects, the level of development and especially on the timescale of returns.
The existence of both linear and nonlinear causal relationships among the US, European and the BRIC stock
markets was evaluated6 employing vector auto regressions and multivariate GARCH models. The findings indicated
the persistence of nonlinear causality to a large extent and concluded that BRIC markets are internationally integrated
after the US financial crisis, Eurozone sovereign debt crisis and contagion is further substantiated.
Zhang et al7 applied the dynamic conditional correlation (DCC)model to generate correlation series betweenBRICS
and developed US and Europe stock markets. The findings supported that Brazil and Russia's stock markets have
stronger correlations with developed countries than that of India and China. Financial crisis caused a permanent change
of long-term correlations between BRICS and developed stock markets. Another study by Chittedi,8 attempted to
capture the effects of contagion originated from developed markets (The US, the UK, and Japan) to the BRIC stock
markets using dynamic Condition Correlations (DCC) model and Asymmetric Generalized Dynamic Conditional
Correlation (AG-DCC) approach. Results confirmed the existence of asymmetric contagion to Emerging Market
Economies.
The transmission of financial shocks from the U.S. to stock and bond markets of the BRIC countries were
measured.9 The findings points out that, in the long run bond markets deviate much more from the U.S. financial stress
measure than the bonds and stocks of the BRIC nations that deviate among themselves.
Bhattacharjee et al10 investigated the transmission of stock price information andGranger causality pattern between
ADRs and their respective underlying stocks in the Indianmarkets. The findings supported the existence of bidirectional
causality between Indian ADRs and their underlying market and determined that ADRs tend to overreact to their own
lagged price changes and tend to underreact to the lagged price changes in the underlying domestic stock (ADRs).
Alhaj-Yaseen et al11 analysed the inter-market return and volatility linkages for 29 Israeli firms that went public in
the US (host market) and then cross-listed in the Israeli (home) market by applying econometric models. The authors'
finding exhibited that the home market dominates the host market in the price discovery process. In the same vein,
Chen and Choi12 reported that for Canadian cross-listed stocks the Toronto Stock Exchange is more informative than
the US exchanges.
The multilateral relationships between Chinese securities cross listed in Hong Kong market and in foreign markets
was determined13 using variance decomposition and impulse response functions. The results demonstrated that the
returns to the Chinese share market are determined by domestic factors whereas the Hong kong share market is
influenced by both the Chinese share market and foreign stock markets elsewhere in the world.
Lim14 scrutinized the behavior of information linkages between dually listed stocks traded in the US and emerging
South Korean markets using a VAR model in a cointegration framework. The vector error correction model is applied
to evaluate the short-run dynamics of the five pricing factors namely; the price of Korean ADRs and the underlying
shares, the Korean and U.S. market indices and the exchange rate, for individual ADR firms and a portfolio of all ADR
firms. The author observed the existence of long-run equilibrium relationship among the five pricing factors subse-
quently the short-term dynamics of the Korean portfolio returns were influenced by the deviation from the long-run
equilibrium and the lagged changes of all pricing factors except for the exchange rate.
Having revisited the interdependence of BRICS countries with the global markets, it is anticipated that the present
study would extend the literature by providing more insight into the emerging stock market and ADRs.
3. Methodology
3.1. Data
The data employed in this research are the daily closing equity market price indices of Brazil, Russia, India, China, South Africa
(BRICS) US and 18 dually listed shares of BRICS for the period from Jan 1, 2001 to May 31, 2012. The sample of ADRs was
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York Stock Exchange (NYSE) were included in the sample. The date of cross listing the ADRs in NYSE remained uneven and that
led to elimination of recently cross-listed stocks. Consideration of uniform sample period and availability of data were constraints
that limited the number of ADRs chosen for the study.
The list of Eighteen BRICS ADRs, ADR to stock ratio and stock exchange are given in Table 1(a) and the variables of the study
are shown in Table 1(b). Daily closing prices of the dually listed BRICS shares, exchange rate, and the BRICS and the US total
market return indices are obtained from Bloomberg. The prices of the underlying shares in the home market are exchange rate
adjusted and are expressed in U.S dollars. E-views 7.0 package is used for arranging the data and implementation of econometric
analyses.
3.2. Techniques
Initially, the data have been converted into natural logarithms before proceeding to the analysis process. Stationarity test has
been performed for the data by applying Augmented DickeyeFuller test (ADF-1979). The cointegration testing procedures
developed by Johansen and Juselius15 are used to determine the long term relationship between time series. Both granger causality
and vector error correction model are also carried out to establish the short run and long-run dynamics.
3.2.1. Vector error correction model with exogenous I (1) variables or VECX*
Avector error correction (VEC) has co-integration relations built into the specification so that it restricts the long-run behavior
of the endogenous variables to converge to their co-integrating relationships while allowing for short-run adjustment dynamics. The
co-integration term is known as the error correction term since the deviation from long-run equilibrium is corrected gradually
through a series of partial short-run adjustments.
The VECX* can be represented byTable 1
List of
Countr
Brazil
Russia
India
China
SouthDyt ¼
Y
yzt1 þ∧Dxt þ
Xp1
i¼1
JiDzti þ c0 þ c1tþ vt ð3:1ÞWith the marginal equation for the weakly exogenous variables identified asDxt ¼
Xp1
i¼1
G xiDzti þ ax0 þ uxt ð3:2ÞA vector of endogenous and exogenous I(1) variables, zt can be written as zt ¼ ðy0t; x0tÞ,with yt a vector of endogenous I(1)
variables, and xt a vector of exogenous I(1) variables. Assuming that xt is weakly exogenous (also known as long-run forcing for yt)
in the long-run multiplier matrix P of a normal VECM.16 The weak exogeneity assumption in the VECX* model corresponds to
Px ¼ 0; where P is separated as P ¼ ðP
0
y
;P
0
x
Þ.a
ADRs used in the study.
y Company Symbol Exchange ADR: DOM share Industry
Telefonica Brasil VIV NYSE 1:1 Fixed Line Telecom.
Ultrapar UGP NYSE 1:1 Multiutility
Mobile Telesystems MBT NYSE 1:2 Mobile Telecom
Mechel Steel MTL NYSE 1:1 Indust. Metals & Mining
Wipro WIT NYSE 1:1 Software
Infosys INFY NYSE 1:1 Software
ICICI IBN NYSE 1:2 Banks
HDFC HDB NYSE 1:3 Banks
MTNL MTNL NYSE 1:2 Fixed Line Telecom.
Tata Communications TCL NYSE 1:2 Fixed Line Telecom.
Reddy's RDY NYSE 1:1 Pharma. & Biotech.
Sinopec Shanghai SHI NYSE 1:100 Chemicals
Petrochina PTR NYSE 1:100 Oil & Gas Producers
China Unicom CHU NYSE 1:10 Mobile Telecom
China Telecom CHL NYSE 1:5 Mobile Telecom
Africa Anglogold Ashanti AU NYSE 1:1 Mining
Gold Fields GFI NYSE 1:1 Mining
Sappi SPP NYSE 1:1 Forestry & Paper
Table 1b
Variables used in the study.
Variables Explanation Type
LBI Logarithmic value of BRAZIL Price Index (BOVESPA) Exogenous
LBAP Logarithmic value of BRAZIL ADR Portfolio Endogenous
LBSP Logarithmic value of BRAZIL Stock Portfolio Endogenous
LRI Logarithmic value of RUSSIA Price Index (MICEX) Exogenous
LRAP Logarithmic value of RUSSIA ADR Portfolio Endogenous
LRSP Logarithmic value of RUSSIA Stock Portfolio Endogenous
LII Logarithmic value of INDIA Price Index (NIFTY) Exogenous
LIAP Logarithmic value of INDIA ADR Portfolio Endogenous
LISP Logarithmic value of INDIA Stock Portfolio Endogenous
LCI Logarithmic value of CHINA Price Index (SSE) Exogenous
LCAP Logarithmic value of CHINA ADR Portfolio Endogenous
LCSP Logarithmic value of CHINA Stock Portfolio Endogenous
LSI Logarithmic value of SOUTH AFRICA Price Index (JSE) Exogenous
LSAP Logarithmic value of SOUTH AFRICA ADR Portfolio Endogenous
LSSP Logarithmic value of SOUTH AFRICA Stock Portfolio Endogenous
LNYC Logarithmic value of US Price Index (NYSE) Exogenous
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model for weakly exogenous variables does not contain the cointegrating vectors of the overall VECX* model since Px ¼ 0.1
Eq. (3.2) shows the marginal equations for the exogenous variables.
4. Empirical results
4.1. Descriptive statistics
Table 2 presents descriptive statistics of US-BRICS index, ADR and Stock Portfolio of BRICS. The sample period
is from Jan 1, 2001 to May 31, 2012.
Table 2 contains details regarding the distributional characteristics of Stock portfolio, ADR portfolio, StockMarket
Indices viz., Brazil, Russia, India, china, South Africa and USA. Skewness is a measure of asymmetry of the dis-
tribution of the series around its mean. The values are negatively skewed (excluding for LCI, which is positively
skewed) furthermore the value of skewness of the above variables has pointed out that except LBAP the other var-
iables have higher values during the study period. It indicates a deviation from normal distribution of the data series
and volatility in them. Kurtosis measures the peakedness or flatness of the distribution of the series. The sampleTable 2
Descriptive statistics.
Statistics/variables Mean Std dev. Skewness Kurtosis Jarque-Bera
LBAP 3.243675 0.544394 0.01929 2.198501 23.93118*
LBI 10.38488 0.645146 0.437862 1.784052 255.0425*
LBSP 2.508675 0.500198 0.255008 1.897702 55.87231*
LCAP 3.605069 0.565976 0.558174 1.959141 250.8227*
LCI 7.627504 0.396777 0.445084 2.507866 118.6334*
LCSP 3.743487 0.702403 0.377957 1.651247 278.1991*
LIAP 6.528703 0.621518 0.328622 1.594128 270.9499*
LII 7.892939 0.631264 0.335156 1.595785 272.3778*
LISP 2.897832 0.560265 0.532441 1.920840 252.0755*
LNYC 8.859869 0.190959 0.168534 2.379667 56.71686*
LRAP 2.821116 0.373530 0.895012 3.116710 104.5787*
LRI 7.051349 0.409827 0.744471 2.049662 252.0774*
LRSP 2.681253 0.417725 0.857441 3.048299 94.18081*
LSAP 3.355398 0.281928 1.058013 3.824561 570.3301*
LSI 9.692524 0.480438 0.232189 1.447290 297.3480*
LSSP 7.443366 0.295834 1.210794 4.022826 758.9766*
Note: All prices are in natural logarithms. *Significant @1% level.
Table 3
ADF unit root test (intercept).
Variables Level form t-statistic Inference 1st difference t-statistic Inference
LBI 1.11737 Unit root 30.4252a No unit root
LBAP 1.38793 Unit root 18.0753a No unit root
LBSP 1.63911 Unit root 27.4893a No unit root
LRI 1.75606 Unit root 28.3326a No unit root
LRAP 2.32682 Unit root 28.3826a No unit root
LRSP 1.54148 Unit root 23.0835a No unit root
LII 0.90988 Unit root 47.3293a No unit root
LIAP 0.89535 Unit root 47.2908a No unit root
LISP 1.53019 Unit root 52.2202a No unit root
LCI 1.34928 Unit root 28.4652a No unit root
LCAP 0.92745 Unit root 28.7814a No unit root
LCSP 1.05999 Unit root 51.7206a No unit root
LSI 0.99579 Unit root 48.8595a No unit root
LSAP 3.57227 Unit root 52.2854a No unit root
LSSP 3.30259 Unit root 48.2285a No unit root
LNYC 2.22404 Unit root 38.3937a No unit root
Notes: Critical values at 1% level: 3.432455, 5% level: 2.862356, 10% level: 2.567249.
a Significant at 1% level.
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four variables, broadly confirming significant non-normality. The kurtosis value of other variables indicates platy-
kurtic distribution. The Jarque-Bera is a test statistic for testing whether the series is normally distributed. JB test
statistics clearly rejects the null hypothesis of normality for all the variables in the study.
4.2. Unit root test
We have used Augmented Dickey Fuller test (ADF) to find out the stationarity, i.e., whether data series contain any
unit-root or not. Table 3 reports the result of the standard unit root tests on the integration properties of the variables in
the study. The actual values of these series exhibited trends, so all unit root test regressions include intercept terms.
Table 3 summarizes the unit root test results. ADF test assumes the null hypothesis of non-stationary against the
alternative hypothesis of stationary. The above test results conclude that all variables are non-stationary at level and sta-
tionary at first difference (at 1% significance level), implying that all the variables are integrated of order one, that is, I (1).
4.3. Correlation matrix
Correlation coefficient measures the strength of linear association between two variables. The correlation tests
results are used to find out short-run dynamic linkages and integration, and any possible causal relationships in be-
tween BRICS stock portfolio and USBRICS Index in the short-run.
From the results of Table 4(a)e4(e), it is revealed that the US and BRICS stock markets are positively correlated
with a high level of significance. Correlation coefficients of BRICS equity prices exhibit relatively modest pairwiseTable 4a
Brazil stock portfolio e USBRICS correlation matrix.
LBSP LBI LRI LII LCI LSI LNYC
LBSP 1
LBI 0.85a 1
LRI 0.86a 0.89a 1
LII 0.88a 0.98a 0.92a 1
LCI 0.54a 0.83a 0.75a 0.80a 1
LSI 0.93a 0.95a 0.91a 1 0.73a 1
LNYC 0.52a 0.40a 0.70a 0.50a 0.30a 0.50a 1
a Correlation is significant at the 0.01 level.
Table 4b
Russian stock portfolio e USBRICS correlation matrix.
LRSP LBI LRI LII LCI LSI LNYC
LRSP 1
LBI 0.89a 1
LRI 0.88a 0.86a 1
LII 0.88a 0.92a 0.93a 1
LCI 0.56a 0.57a 0.36a 0.50a 1
LSI 0.67a 0.72a 0.91a 0.80a 0.10a 1
LNYC 0.79a 0.82a 0.94a 0.90a 0.31a 1 1
a Correlation is significant at the 0.01 level.
Table 4c
Indian stock portfolio e USBRICS correlation matrix.
LISP LBI LRI LII LCI LSI LNYC
LISP 1
LBI 0.87a 1
LRI 0.91a 0.85a 1
LII 0.91a 0.98a 0.89a 1
LCI 0.70a 0.81a 0.73a 0.80a 1
LSI 0.88a 0.96a 0.91a 1 0.77a 1
LNYC 0.64a 0.36a 0.71a 0.40a 0.41a 0.50a 1
a Correlation is significant at the 0.01 level.
Table 4d
Chinese stock portfolio e USBRICS correlation matrix.
LCSP LBI LRI LII LCI LSI LNYC
LCSP 1
LBI 0.93a 1
LRI 0.86a 0.85a 1
LII 0.94a 0.98a 0.89a 1
LCI 0.85a 0.81a 0.73a 0.80a 1
LSI 0.95a 0.96a 0.91a 1 0.77a 1
LNYC 0.41a 0.36a 0.71a 0.40a 0.41a 0.50a 1
a Correlation is significant at the 0.01 level.
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LII; LRI; LBI), (LRSP-LBI; LRI; LII), (LISP-LII; LRI; LSI; LBI), (LCSP-LSI; LII; LBI; LRI; LCI). Hence BRIC
stock portfolio has very high correlation with the BOVESPA,MICEX, NIFTYand JSE but South African portfolio has
high correlation with NYSE compared to other Indices.Table 4e
SA stock portfolio e USBRICS correlation matrix.
LSSP LBI LRI LII LCI LSI LNYC
LSSP 1
LBI 0.24a 1
LRI 0.57a 0.85a 1
LII 0.31a 0.98a 0.89a 1
LCI 0.17a 0.81a 0.73a 0.80a 1
LSI 0.27a 0.96a 0.91a 1 0.77a 1
LNYC 0.61a 0.36a 0.71a 0.40a 0.40a 0.50a 1
a Correlation is significant at the 0.01 level.
Table 6
Johansen co-integration rank summary.
Period BRICS
Data trend Linear Linear
No. of CEs Intercept No Trend Intercept Trend
Trace 5 5
Max- Eig 5 5
Table 5
VAR lag order selection criteria.
Lag AIC SC HQ
0 38.66539 37.10228 38.03277
1 54.44013 50.27186a 52.75316a
2 54.40786 47.63442 51.66652
3 54.51542 45.13681 50.71973
4 54.88795 42.90417 50.03790
5 55.60325 41.01429 49.69883
6 58.23900 41.04487 51.28023
7 60.12224a 40.32294 52.10911
Note:
a Indicates lag order selected by the criterion.
AIC: Akaike information, SC: Schwarz information, HQ: Hannan-Quinn information.
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Table 5 indicates the selected lag from Schwarz information criterion by (*). These are the lags with the smallest
value of the criterion.
Table 5 presents the evidence based on the VAR Lag Order Selection Criteria, AIC suggests the use of 7 lags, the
SC and HQ criteria suggests the use of 1 lag for the sample period from Jan 1, 2001 to May 31, 2012. For the
manipulation of further results Schwarz information (SC) criterion is considered and subsequent analyses were based
on VAR with 1 lag.4.5. Cointegration rank
The presence of any cointegrating vectors is assessed15 to ascertain probable linkages and interrelationships among
the variables. The Johansen Co integration Rank summary is presented in Table 6.Table 7
Johansen co-integration test results.
Countries Hypothesized
no. of CE(s)
Eigen
value
Trace
statistic
95% CV for the
trace test
Max-eigen
statistic
95% CV of the max
eigen value test
BRICS (Stock and
ADR Porfolio)
r ¼ 0 0.999689 2392.141a 239.2354 1962.615a 64.50472
r  1 0.457253 429.5256a 197.3709 148.5001a 58.43354
r  2 0.389355 281.0255a 159.5297 119.8571a 52.36261
r  3 0.272044 161.1684a 125.6154 77.15614a 46.23142
r  4 0.135592 84.01229a 95.75366 35.40759a 40.07757
Note: r stands for the number of cointegrating vectors. Critical values (CV) of the Johansen co-integration tests come from MacKinnon-Haug-
Michelis17.
a Denote statistical significance at the 5% level.
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other words, all specifications suggest that there are at least five co-integrating vectors. The lag number to be taken
into account in application of co-integration test for each comparison was calculated according to Schwarz infor-
mation (SC) criterion.
4.6. Co-integration results
Results of Johansen co-integration test applied for the purpose of finding whether there is a long term relationship
between the variables within the scope of the analysis is shown in Table 7.
The results of Johansen cointegration tests are presented in Table 7. The Trace test indicates 5 co-integrating eqn(s)
at the 0.05 level and Max-eigen value test also indicates 5 co-integrating eqn(s) at the 0.05 level for BRICS Stock
portfolio and ADR portfolio. Therefore both the trace and the eigenvalues tests strongly reject the absence of coin-
tegration but do not reject the existence of five cointegrating relations between BRICS Stock portfolio and ADR
portfolio.
4.7. VECX* model results
The VECX* model specifies the long term equilibrium and short term dynamic relationship among the variables
into the model. The endogenous variables included in the study are BRICS Stock and ADR Portfolio and the
exogenous variables are US-BRICS Index. The parameter estimation of VECX* with first difference for the period
(2001e2012) is presented in Table 8. The optimal lag length to be used in the ECM is determined using the SC
criterion According to the SC criterion, the lag length is chosen as 1 and 5 cointegrating vectors are identified for the
sample period. The VECX* results specify that the normalised cointegrating coefficients load on the 5 variables of
BRICS stock portfolio series. The cointegration equations are extracted from the VECX* Output and presented as
follows and t-statistics are in brackets.LBAP = 3.350*LBSP+ 2.944*LRSP - 0.2255*LISP + 0.028* LCSP-0.2669*LSSP-11.17
[-8.196] [10.546] [0.3836] [-0.1504]        [0.8293] ð4:1Þ
LRAP= -.7575*LBSP+0.2888*LRSP-0.6025*LISP+0.0405*LCSP+0.3415*LSSP+3.24
[8.666] [-4.838] [4.7929] [-0.993] [-4.96] ð4:2Þ
LIAP= -0.0160*LBSP – 0.0141*LRSP +0.100*LISP – 0.0001*LCSP +0.0010*LSSP+7.06
[6.996] [9.0560] [-3.0603] [0.1011]          [-0.5667] ð4:3Þ
LCAP= -1.0416*LBSP- 1.551*LRSP+0.4596*LISP+0.8100*LCSP-0.1286*LSSP +6.6855
[3.716] [8.102]           [-1.1402] [-6.185]        [0.5829] ð4:4Þ
LSAP=0.1333*LBSP+0.0648*LRSP+0.0995*LISP-0.0035*LCSP+0.9920*LSSP-4.94
[6.1785]       [-4.398] [-3.2074]       [0.3497]          [-58.37] ð4:5ÞThe co integration Eq. (4.1) reveals explicitly that 1% increase in LBSP, LRSP and LCSP leads to 3.35%, 2.94%
and .03% increase in LBAP, and the impact of Brazil Stock Portfolio to Brazil ADR Portfolio is larger when compared
with other markets. From the Eq. (4.2), 1% increase in LRSP, LCSP and LSP leads to .28%, .04% and .34% increase in
LRAP. There exists reduced effect from Russian stock portfolio to Russian ADR portfolio. Similarly, Eq. (4.3) also
points out that 1% increase in LISP, LSSP leads to .10% and .001% increase in LIAP exhibiting the condensed in-
fluence of Indian Stock Portfolio to Indian ADR Portfolio. In the Eq. (4.4) 1% increase in LISP, LCSP leads to .46%
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dicates that 1% increase in LBSP, LRSP, LISP, and LSSP leads to .13%, .06%, .09% and .99% increase in LSAP,
subsequently the impact of South African Stock Portfolio to South African ADR Portfolio is quite high. The results
support that price discovery in the home market dominates that of the foreign market because fundamental infor-
mation about the firm is typically released in the home country. The intercept term is positive for Russia, India and
china and negative for the countries like Brazil and South Africa. Consequently the findings support that there is a
long-term equilibrium relationship among the BRICS Stock and ADR Portfolio series.Table 8
Vector error correction model results.
Equation DLBAP DLRAP DLIAP DLCAP DLSAP DLBSP DLRSP DLISP DLCSP DLSSP
x1, t1 0.07144
[3.76996]
0.03662
[e1.21798]
0.00327
[9.97437]
0.13932
[2.15260]
0.01661
[e0.58930]
0.006550
[0.50593]
0.051792
[2.29330]
0.04562
[3.06873]
0.09757
[e1.44219]
0.03946
[e1.83900]
x2, t1 0.2461
[7.23208]
0.41756
[7.73320]
0.002009
[3.41187]
0.082449
[0.70940]
0.03438
[e0.67924]
0.03569
[e1.53489]
0.000116
[0.00286]
0.21941
[8.21863]
0.144398
[1.18864]
0.053956
[1.40019]
x3, t1 0.11499
[e1.42162]
0.38396
[2.99147]
1.01094
[722.194]
0.46152
[e1.67052]
0.03836
[e0.31884]
0.12837
[2.32272]
0.42826
[4.44245]
0.84349
[13.2917]
0.45796
[e1.58589]
0.14873
[e1.62366]
x4, t1 0.07906
[2.71222]
0.03946
[e0.85300]
0.003184
[6.31092]
0.31678
[3.18184]
0.03424
[e0.78974]
0.01725
[e0.86595]
0.01467
[e0.42226]
0.02048
[e0.89570]
0.24836
[2.38664]
0.07941
[2.40563]
x5, t1 0.316704
[2.59188]
0.341359
[1.76058]
0.00214
[e1.01371]
1.16225
[2.78488]
0.342126
[1.88250]
0.204172
[2.44564]
0.207394
[1.42416]
0.222139
[2.31727]
1.02393
[2.34727]
1.007567
[7.28161]
DLBAPt1 0.18876
[2.14118]
0.24437
[e1.74693]
0.002812
[1.84334]
0.037586
[0.12483]
0.26973
[2.05709]
0.062864
[1.04372]
0.1132
[e1.07739]
0.05951
[e0.86045]
0.063144
[0.20064]
0.00876
[e0.08771]
DLRAPt1 0.150192
[2.50424]
0.121880
[1.28069]
0.00336
[3.23466]
0.144569
[0.70575]
0.169534
[1.90051]
0.008060
[0.19669]
0.208536
[2.91750]
0.063571
[1.35106]
0.115690
[0.54033]
0.002685
[0.03954]
DLIAPt1 0.144131
[1.36410]
0.142994
[0.85289]
0.006625
[3.62304]
0.214914
[0.59553]
0.00478
[e0.03041]
0.07428
[e1.02899]
0.070375
[0.55887]
0.066313
[0.79998]
0.152336
[0.40385]
0.053830
[0.44989]
DLCAPt1 0.111849
[0.91996]
0.267337
[1.38575]
0.00198
[e0.94116]
0.019399
[0.04672]
0.044201
[0.24443]
0.102822
[1.23783]
0.038260
[0.26405]
0.02467
[e0.25859]
0.452395
[1.04229]
0.063594
[0.46190]
DLSAPt1 0.16555
[e1.70527]
0.06817
[e0.44251]
0.002665
[1.58601]
1.066724
[3.21703]
0.26856
[e1.85988]
0.1134
[e1.70964]
0.03477
[e0.30052]
0.10571
[e1.38797]
0.939356
[2.71029]
0.09851
[e0.89607]
DLBSP t10.159312
[1.50537]
0.316358
[1.88389]
0.00281
[e1.53465]
0.16519
[e0.45699]
0.06906
[e0.43872]
0.11383
[e1.57431]
0.290173
[2.30065]
0.077036
[0.92785]
0.16432
[e0.43493]
0.11674
[e0.97409]
DLRSPt1 0.09546
[e1.47630]
0.18359
[e1.78942]
0.00077
[e0.68597]
0.08284
[e0.37509]
0.052782
[0.54883]
0.035661
[0.80723]
0.22903
[2.97208]
0.04653
[e0.91718]
0.04703
[e0.20372]
0.014958
[0.20428]
DLISPt1 0.07443
[e0.84782]
0.0463
[e0.33237]
0.00172
[e1.13139]
0.41588
[e1.38694]
0.00992
[e0.07598]
0.008206
[0.13681]
0.05168
[e0.49396]
0.11555
[e1.67762]
0.39903
[e1.27315]
0.03612
[e0.36329]
DLCSPt1 0.02633
[e0.34008]
0.12003
[e0.97691]
0.001047
[0.78125]
0.053607
[0.20269]
0.032004
[0.27789]
0.04664
[e0.88162]
0.01174
[e0.12723]
0.029569
[0.48674]
0.12397
[e0.44847]
0.04799
[e0.54733]
DLSSPt1 0.023387
[0.28813]
0.049364
[0.38326]
0.000105
[0.07448]
0.86805
[3.13109]
0.003982
[0.03299]
0.113431
[2.04536]
0.045644
[0.47184]
0.023080
[0.36243]
0.86721
[2.99266]
0.01057
[e0.11504]
Intercept 6.01267
[8.06941]
11.8418
[e10.0155]
8.3925
[650.851]
1.53678
[e0.60386]
2.14864
[e1.93876]
2.81079
[5.52124]
6.28311
[7.07538]
10.8472
[18.5559]
0.28244
[e0.10618]
3.42975
[4.06470]
LBI 0.153059
[2.78145]
0.140528
[1.60938]
0.0006
[e0.63330]
0.379558
[2.01947]
0.02482
[e0.30320]
0.01218
[e0.32387]
0.04834
[e0.73711]
0.063082
[1.46120]
0.238491
[1.21399]
0.014321
[0.22981]
LRI 0.054192
[1.36075]
0.343566
[5.43678]
0.00115
[e1.67152]
0.05655
[e0.41577]
0.070621
[1.19224]
0.140550
[5.16549]
0.347202
[7.31528]
0.074537
[2.38565]
0.02628
[e0.18485]
0.069737
[1.54634]
LII 0.115845
[1.43671]
0.300185
[2.34620]
1.003873
[719.429]
0.207044
[0.75180]
0.00483
[e0.04023]
0.099951
[1.81433]
0.310179
[3.22780]
0.835499
[13.2077]
0.209381
[0.72738]
0.171682
[1.88022]
LCI 0.095008
[3.78780]
0.204610
[5.14088]
0.000153
[0.35294]
0.010717
[0.12510]
0.044666
[1.19726]
0.028030
[1.63564]
0.058485
[1.95646]
0.106197
[5.39669]
0.00352
[e0.03932]
0.010029
[0.35309]
LSI 0.27198
[5.17006]
0.47341
[5.67119]
0.00585
[6.42060]
0.038015
[0.21157]
0.13095
[e1.67352]
0.12076
[3.35984]
0.16964
[2.70572]
0.20261
[4.90922]
0.001348
[0.00718]
0.00417
[e0.07001]
LNYC 0.565382
[6.78005]
0.967333
[7.31055]
0.003340
[2.31457]
0.503
[e1.76606]
0.332820
[2.68340]
0.239460
[4.20299]
0.341169
[3.43290]
0.433353
[6.62402]
0.4422
[e1.48538]
0.147811
[1.56527]
R-squared 0.431614 0.526966 0.999701 0.148198 0.135273 0.348409 0.526213 0.695334 0.132765 0.459010
Adj. R-
squared
0.377605 0.482017 0.999673 0.067257 0.053104 0.286493 0.481192 0.666383 0.050358 0.407604
Notes: Figures in [ ] are t-values associated with the respective parameters. D denotes first differences.
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in the VECX* give the estimated long-run relationship among the variables shows how deviations from that long-
run relationship affect the changes in the variable in the next period. The error correction coefficients (x1, t1), (x2,
t1), (x3, t1), (x4, t1) for DLBAP, DLRAP, DLIAP, DLCAP is about 0.07, 0.41, 1.01, 0.31 with a negative sign
and statistically significant. This means that the LBAP, LRAP, LIAP, LCAP deviation in period (t1) and its long
run equilibrium value is corrected by 7%, 41%, 100% and 31%. But the error correction coefficient (x5, t1) for
DLSAP is .34 with positive sign denotes statistical insignificance. Statistical significance suggests that the vari-
ables are endogenous and it depends on the changes of other variables. The value of the error correction terms
explain that the long-run BRICS stock price movements have a significant but negative impact on current ADR
price changes, suggesting an equilibrating but slow adjustment process for Brazil ADRs at 7%, followed by
increased adjustments for China, Russia and Indian ADRs respectively in response to changes in the other var-
iables in the system. This confirms the presence of a stable long-run relationship between BRIC ADR and Stock
Portfolio series. However, the speed of adjustment to equilibrium is high in Indian market in comparison to other
BRICS markets.
The estimated R2, indicate that the variables in the VECX* considerably elucidate short-run variation in the
DLBAP, DLRAP, DLIAP, DLBSP, DLRSP, DLISP, DLSSP explaining 43%, 53%,99%,35%,53%,70% and 46% of
the short-run changes in the BRICS Stock and ADR Portfolio series respectively. The short run variation in Indian
Stock and ADR portfolio is much more reactive to the USBRICS than the other four markets, whereas the Chinese
Stock and ADR portfolio is the least sensitive. Fig. 1 presents the plot of stock market indices for the period
2001e2012.4.8. Granger causality
To determine short run causality among variables Granger Causality Test18 is employed. Table 9 presents the result
of pair wise causality.
The results of pair wise Granger causality test given in Table 9 points out that Brazil and Indian ADR prices are
spearheaded by the underlying stocks prices in the home market. However Brazil, Russian, Chinese and South African
ADR prices influence the underlying stocks prices in the domestic market. Therefore the result of granger causality is
bidirectional for the Brazil Market and unidirectional for the remaining Markets.6
7
8
9
10
11
12
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
BRAZIL CHINA INDIA
RUSSIA SOUTH AFRICA US
Fig. 1. US-BRICS stock market indices.
Table 9
Granger causality test.
Direction Lag 1 Lag 2
F-statistic Probability F-statistic Probability
LBSP/LBAP 2.95643 0.0859*** 2.31443 0.0995***
LBAP/LBSP e e 5.52759 0.0041
LRAP/LRSP 52.3041 1.E-12* 54.0583 2.E-22*
LISP/LIAP 8.60421 0.0034* 67.3701 4.E-29*
LCAP/LCSP 7.85480 0.0051* 46.8905 1.E-20*
LSAP/LSSP 80.5903 5.E-19* 420.060 5E-156*
Note.* represents statistical significance at 1% level. ** represents statistical significance at 5% level. *** represents statistical significance at 10%
level.
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This paper empirically investigates the co-movements in the prices of the dually listed BRICS shares traded in the
US market based on a value-weighted portfolio. The BRICS ADRs are priced on the underlying shares after incor-
porating the exchange rate factor. Though the BRICS countries are considered as a homogenous group attributable
mainly due to their economic growth and international presence, the incidence of independent and varying movements
of BRICS stock indices in the short run cannot be ruled out. Therefore the analysis of the inter-relationship between
the prices of BRICS ADRs and underlying shares, the BRICS and the US market indices is conducted using VECX*
since efficient estimation of the error correction model is enabled through the usage of exogenous variables when the
short-run dynamics differ within and between equations.
The VECX* results of the present study reveal a long term equilibrium relationship between the BRICS ADR and
Stock Portfolio series. This is strengthened further through the empirical evidence found in earlier studies of Bekiros3
and Zhang et al7 The VECX* results also confirm the short run heterogeneity among BRICS since the short run
variation in Indian Stock and ADR portfolio is much more reactive to the USBRICS than the other four markets,
whereas the Chinese Stock and ADR portfolio is the least sensitive. The granger causality tests support the short term
variations through mixed results in the direction of causal relationship among the BRICS stock and ADR portfolio
price movements.
Therefore, in the short run the domestic and global destabilising factors cause varying levels of vulnerability in the
BRICS stock and ADR portfolio price movements but these disturbances are temporary in nature since the variables
revert to their equilibrating process to maintain the long run co-movements. One adverse effect of such disparity is that
it could possibly create arbitrage opportunities and short term speculative gains. In the long run the BRICS stock
markets tend to become a homogenous asset class due to their increased influence by USBRICS developments and
therefore offer lesser benefits from portfolio diversification to international investors. This finding pertains to the stock
and ADR portfolios considered for the present study for the given sample period. The validity of the results across
other dually listed stocks in the USBRICS stock markets is beyond the scope of the present study.
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